YELOPATHY caused by stenosis of the thoracic canal is less common than that caused by stenosis of the cervical spine and is difficult in terms of diagnosis and treatment. There are, for example, difficulties in visualizing the lesions on various radiological studies; the presence of many coexistent lesions in the cervical or lumbar region; and the need for careful judgment in determining the responsible lesions at that time. 1, 3, 6 Thoracic OLF frequently develops into myelopathy. 4, 6, 11 Thoracic myelopathy caused by OLF is rare in comparison with cervical myelopathy; 5 however, in several studies the authors have suggested that surgical management is the most effective treatment for thoracic myelopathy. 1, 5, 8, 11, 14, 18 Generally, the diagnosis or treatment of thoracic OLF is delayed due to the long-delayed onset of symptoms, and many cases are complicated by the presence of multiple spinal lesions. 8 Recently, improved diagnostic procedures have increased the number of incidentally discovered cases without advanced symptoms. Until now, however, no clear therapeutic guideline has been published.
erative grade were studied. The pre-and postoperative neurological function was assessed using the Nurick Scale. 9 To evaluate the preoperative thoracic stenosis (the severity and the extent of spinal compression caused by OLF) we used an original OLF CT scoring system. Computerized tomography myelography was performed to determine the extent of hypertrophy of the ligamentum flavum, hypertrophy of facet, wide pedicle, and anterior compressive element; these findings were then classified by scores from 1 to 4 points ( Table 1) .
Magnetic resonance imaging was performed in almost all patients, but such studies obtained at other institutions and those acquired before 1993 were excluded from evaluation. Seventeen patients underwent MR imaging since 1993 at our institution. Those in whom a high-intensity signal was demonstrated on T 2 -weighted images at the spinal cord were determined to have "intramedullary change."
The postoperative functional grades were divided into the following groups: excellent (Nurick Scale Grades 0 and 1) and fair (Grades 2-5). The factors affecting postoperative functional improvement were submitted to statistical analysis.
Surgical Indication and Procedures
In all cases indication for surgery was progressive and severe myelopathy. Decompressive laminectomy of the appropriate vertebral levels as well as resection of OLF were performed in all cases.
After induction of general anesthesia, the patient was placed prone with an indwelling bladder catheter. The abdomen was decompressed to avoid excessive epidural bleeding. The skin was shaved and then scrubbed and painted with an antiseptic solution. A midline incision was made at the appropriate level and extended to the fascia. Subperiosteal dissection of the paraspinal muscles was performed using electrocautery cutting. Intraoperative radiographic localization was used to confirm the operative level. The spinous processes were removed using rongeurs or a high-speed drill, and a laminectomy was performed under microscopic visualization. A diamond drill was used to thin the ossified lesion, which was then resected using small angled punch rongeurs or a drill. The width of the laminectomy was approximately one third the size of the inside of the facet.
When coexistent lesions were present at other levels, clinical symptoms and neuroimaging findings were examined. The level considered to be the likely cause of clinical symptoms was then surgically treated. When the responsible lesion could not be determined, even based on neurological findings and neuroimaging studies, the coexistent lesion was not surgically treated.
Statistical Analysis
A comparative study was made between various preoperative factors and postoperative prognosis. The chisquare test, Welch t-test, and Mann-Whitney U-test were used for the statistical analysis. The StatView 5.0 program was used for input and statistical analysis. Table 2 provides a summary of clinical findings obtained in the 31 cases of thoracic OLF. In 27 (87%) of 31 patients the OLF was located between T-9 and T-12. The OLF was located out of the range of T-9 to T-12 in only four patients (Cases 13, 20, 23, and 31). In two patients (Cases 23 and 31) coexistent OLF was also located between T-9 and T-12.
Results

Clinical Features of Thoracic OLF
The duration from the onset of initial symptoms to diagnosis averaged 34.5 months (range 2 months-13 years).
The chief complaints were weakness of both lower limbs (23 patients [74%]) and back pain and leg pain (eight patients [26%]).
In the tendon reflex examination, the following findings were observed: increases in both patellar and Achilles reflexes in 16 patients, an increase only in the patellar reflex in three patients, decreases in both patellar and Achilles reflexes in two patients, and normal patellar and Achilles reflexes in 10 patients.
Computerized tomography myelography findings (hypertrophy of ligamentum flavum, hypertrophy of facet, widened pedicle, and an anterior compressive element) were evaluated and classified using our original OLF CT scoring system (Scores 1-4; Table 1 ): Score 1 in four patients, Score 2 in 21 patients, Score 3 in three patients, and Score 4 in three patients. Intramedullary changes demonstrated on MR imaging were recognized in seven (41.2%) of 17 patients in whom MR studies were obtained.
Coexistent spinal diseases, such as ossification of the posterior longitudinal ligament and disc herniation, were observed in 23 (74%) of 31 patients. There were only eight patients (26%) with solitary thoracic OLF and no other spinal disease.
Coexistent regions in the subset of 23 patients were cervical in four, thoracic in four, cervicolumbar in six, thoracolumbar in one, and cervicothoracolumbar in two patients.
Coexistent disease included ossification of the posterior longitudinal ligament in 11 patients, canal stenosis in 11 patients, disc herniation in 10 patients, lumbar spondylolisthesis in two patients, and schwannoma in one patient. Table 3 shows the relation between the spinal regions and lesions that coexisted with OLF.
Surgery-Related Results and Statistical Analysis
A single thoracic laminectomy was performed in 17 of the 31 patients. The other 14 patients underwent additional operations for coexistent lesions (cervical region in three patients, thoracic region in two patients, and lumbar region in nine patients) at the time of laminectomy for the OLF or at a later date. Nine of 23 patients in whom coexistent diseases were present did not undergo any other surgical treatment than the laminectomy for thoracic OLF. Instead, they underwent clinical observation for these other lesions. Of 31 patients, a single-lesion decompression of thoracic OLF was achieved in 30 patients and multilesion decompression in one patient (Case 31) ( Table 4 ). The follow-up period ranged from 1 month to 9 years (average 33 months). Postoperatively 29 of 31 patients experienced improvement of symptoms, whereas no improvement was observed in two patients (Cases 23 and 28) ( Table 2 ). In one (Case 28) of the two patients residual OLF and lumbar canal stenosis were demonstrated on postoperative MR imaging and myelography. The symptom in this case improved after reoperation. In the second patient (Case 23), who had a 7-year history of gait disturbance, muscle weakness, and muscular atrophy of the leg were shown at admission. Postoperatively his symptoms mildly improved, but despite undergoing rehabilitation, his activities of daily living status and walking ability did not improve.
There were no patients in whom symptoms worsened postoperatively. The overall improvement rate was 94% in this series. No postoperative complication was observed except for wound infection in one case (3.2%). One patient (Case 5) died of stomach cancer 3 years after the operation, although his symptoms had improved immediately postoperatively. Table 5 shows the correlation between the functional prognosis and preoperative clinical factors. Nineteen patients were considered to have an excellent postoperative prognosis and 12 to have a fair prognosis based on preoperative clinical factors. No significant difference was observed in the correlation among morbidity levels, tendon reflexes of the lower limbs, presence of coexistent spinal lesions, presence of intramedullary change visualized on MR imaging, or presence of an operation for complicated lesions (chi-square test). A correlation between the duration of symptoms and prognosis was observed. Duration of symptoms was significantly shorter in the group with an excellent prognosis than in those with a fair prognosis (p Ͻ 0.05, Welch t-test). Table 6 shows the correlation between preoperative CT scale score and postoperative functional prognosis; the difference was significant (p Ͻ 0.01, Mann-Whitney U-test).
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Discussion
Clinical Features of Thoracic OLF
Thoracic OLF frequently develops in the lower-thoracic region in middle-aged men. Gait disturbance due to weakness or paralysis of both lower limbs was the chief complaint in the initial symptoms in patients presenting to our clinic. This finding is in agreement with the observations reported in previous studies. [1] [2] [3] [4] 14, 16 The average duration between the onset of symptoms and diagnosis was 34.5 months. This finding suggests that myelopathy in patients with OLF progresses very slowly.
When an extradural compressive lesion develops at the thoracic level, increases in both patellar and Achilles reflexes and decreases in lower-limb muscles, sensory disturbance, and vesicorectal disorders may occur, as predicted by the presence of neurological findings. However, if, at a lower thoracic level, the lesions exist at the neighboring site of the conus medullaris, the nerve roots and the center of the tendon reflex may be disturbed with variable combinations, with patellar or Achilles reflex occasionally dissociated, or both decreased. 3, 16 Compressive coexistent lesions are also complicated in many cases, 15 which underscores the influence of these complicated lesions.
In many cases stenosis of the lumbar spine is clinically observed in middle-aged men with lower-limb sensory disturbance or movement disorder. However, even if lumbar spine lesions are present in patients with increasing lower-tendon reflexes, we should suspect thoracic vertebral lesions.
In patients with "tandem lesions," neurological findings can play an important role in locating the responsible site. 3 We determined the responsible site preoperatively by using the methods previously mentioned. However, the initial lesion might have been insufficiently determined in one patient whose postoperative symptoms remained unchanged. This finding underscores the need for more careful determination of the responsible lesion in cases with coexisting lesions.
Factors Affecting the Prognosis of Thoracic OLF
The overall postoperative improvement rate in this series was 94%. However, 12 patients (39%) with Nurick Scale grades of 2 and 3 were unable to undertake full-time employment. This result suggests that an excellent prognosis is not always present in cases of thoracic OLF.
In the present study, we examined the factors affecting postoperative improvement rates. A correlation between the duration of symptoms and prognosis was observed (p Ͻ 0.05). Thoracic OLF is often unnoticed because it progresses slowly and has many other lesion-related com- T-3, T5-6, T9-11 T1-4, T6-7, T9-11 laminectomies plications. It is only after the disease has progressed that it is diagnosed in many cases. 7 Therefore, this delay in treatment may worsen the prognosis. No significant difference was observed among prognosis and the following factors: morbidity levels, lower-limb tendon reflexes, the presence of coexistent spinal lesions, the presence of MR imaging-documented intramedullary changes, or operation for coexistent lesions.
Morphological Evaluation
To evaluate thoracic OLF morphologically, we designed a new CT scale. Several classifications of CT findings have previously been advocated. 5, 13, 17 Ido, et al., 5 classified CTdocumented OLF into three types: thin, moderate, and thick. Yanagi, et al., 17 classified CT-documented OLF into four types: lateral, enlarged, continuous, and median. Sato, et al., 13 studied the operative technique used based on the range and morphological features of ossification after they classified CT-documented OLF into fives types: external, extended, enlarged, fused, and tuberous. These classifications may be useful for investigating the operative technique; however, when thoracic OLF ranges across multiple vertebral bodies, these classification systems betray limitations to the objective evaluation of the severity of the lesion because the ossification of multiple types is mixed.
Barnett, et al., 1, 2 reported that hypertrophy of ligaments, hypertrophy of laminae, hypertrophy of facets, and shortened and widened pedicles were observed on CT scans of thoracic stenosis. In addition to the preceding factors studied by Barnett, et al., 2 we also included the presence of CT-documented anterior compressive elements (such as disc herniation) to guarantee a more objective evaluation in cases in which the ossification stretched across multiple vertebral bodies. We then scored them all. As the CT score showed a correlation with prognosis its usefulness in preoperative evaluation is suggested.
The onset of several symptoms caused by developing thoracic stenosis was observed as typical conditions of OLF. Although the cause of OLF is still unclear, it has been suggested that spondylotic changes are accompanied by the lesioned parts, 11 whereas others have reported that thoracic stenosis is commonly caused by degenerative changes, or spondylosis, including hypertrophy of the ligaments. 1, 14 The lower thoracic segments are apparently more vulnerable to a greater number of chronic degenerative changes manifesting as spondylosis. 14 In the present study, we found many cases of coexistent spinal lesions such as disc herniation, hypertrophy of facets, and shortened and widened pedicles in addition to ossified ligaments. This finding suggests that these conditions were related to the severity of OLF.
Surgical Treatment
Several posterior decompressive methods for ossified lesions are advocated because thoracic OLF is compressed from the dorsal external region. These operative techniques are open-door laminectomy, en bloc laminectomy, fenestration, hemilaminectomy, and key-hole foraminotomy. 7, 10, 13 To avoid postoperative spinal instability, we performed a procedure in which approximately one-third of the inside of the facet was eliminated and forcible extraction of the lateral ossified lesions was avoided. At that time, after the ossified lesion was thinned as much as possible by using a diamond drill, we performed the rongeur method and obtained excellent results. We have not observed any cases of postoperative spinal instability in any of our patients. Yonenobu, et al., 18 have advocated anterior decompression for thoracic myelopathy because laminectomy was not always successful. The results of anterior surgery were more favorable for treating thoracic ossification of the posterior longitudinal ligament; however, this procedure was rarely indicated. 18 In light of a desire for less invasive surgery, it is suggested that hemilaminectomy or foraminotomy be performed if the distribution of ossification is confirmed by the preoperative CT scanning in cases with mild lesions. However, a sufficient decompression is necessary. In addition, if other complicated lesions are present, careful attention to the symptom-related complications or radiological diagnosis should be paid prior to the operation.
In Japan, it has been reported that 25% of thoracic OLF demonstrated by plain radiography or tomography are asymptomatic. 12 Asymptomatic cases of thoracic OLF have been increasingly diagnosed due to the advancement of neuroimaging. Neurological symptoms or history of diseases should be noted for the follow-up observation. In terms of the timing of surgery, even when mild symptoms are observed, it may be desirable to operate as early as pos-
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Conclusions
Thoracic OLF frequently develops in the lower-thoracic vertebrae of middle-aged men, and it is complicated by the presence of various spinal lesions in many cases. Because it is suggested that a delay in diagnosis and treatment is related to the prognosis, both are important. The OLF CT scoring system we developed will be helpful in assessing the severity of OLF objectively.
